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Topics to be covered 
• The Concept of Ecology 
• Ecosystem and ecosystem services 
• Energy/nutrient flow (Food web) 
• The risk of breaking energy flow 
• Process of ecosystem degradation 
• Ecosystem degradation in Ethiopia 
• Rehabilitation/reclamation efforts of degraded 
ecosystem in Ethiopia 
• Benefits of rehabilitated ecosystem 
 
1. The concept of ecology 
• Ecology is the scientific study of the 
relationships between organisms and their 
environment 
–  The relationships are complex, varied and 
hierarchical 
– The term ecology was first proposed by a German 
Biologist Ernest Hackel in 1866.  
– derived from two Greek words: 
•  “Oikos‟ = house, a place to live and  
• logos i.e. the study of 
• Ecology is a study of organisms at home 
Ecology --- con’d 
• Ecology describes the relationships between 
living organisms and their environments  
– Plants, animals, insects, birds, microbes etc. 
– Soil, rock, water, air,  
• the interaction of organisms with each other 
and nature is complex 
Below ground and above ground lives 
Life in a healthy soil 

Vital works of lives in the soil 
Role of healthy soil to plant growth 
Fungal hyphae serve as root extension 
2. Ecosystem and ecosystem services  
• Ecosystem  
– a system formed by an ecological community (plants, 
animals, and microbes) and its physical environment 
that functions as a sustainable unit 
– interacting with one another and with their physical 
environment and interconnected by an ongoing flow 
of energy and a cycling of materials  
                                                                  (Kumar and Mina, 2018) 
• Ecosystem services 
– biodiversity conservation; water provision and 
purification; food, fiber and fuel provision; climate 
stabilization; disease control and storm protection etc. 
Components of the 
environment 
Natural Human made 
Solid rocky crust  = 29% 
living or non-living 
organisms, flora and fauna, 
plants and animal species 
 All the oceans, lakes, rivers, 
ponds and streams = 71% 
layer of gases surrounding the earth’s surface  
78%  N, 21%  O2, 0.03% CO2 & other gases 
Antrosphere 
buildings made with the use 
of wood, cement or water 
---Con’d 
Interconnection b/n the pedosphere (soil), biosphere (plants), lithosphere 
(rock), hydrosphere (water), and atmosphere (air) in the Earth system                                                 
(Source: Li et al., 2012). 
Ecosys---- con’d 
• The aboveground and belowground biotas interact 
with each other;  
• vegetation connect ecohydrology (mostly 
aboveground) and hydropedology (mostly 
belowground) in a soil–plant–water system at 
different scales 
   (Li et al., 2012) 
• Under normal condition ecosystem provide socially 
and economically valuable services 
– undergo continuous protection, restoration, and 
enhancement of nature  
(Millennium Ecosystem Assessment, 2005) 
• ES vary in geographic scale, spatial distribution, and 
in their connectivity 
– e.g. soil formation Vs Climate regulation 
– raw materials Vs pollination & downstream water 
regulation 
– Clearing natural forest = reduced coastal ecosystems 
services = loss of storm buffering services = increased 
sedimentation 
• Well-functioning ecosystems provide  the higher 
ecosystem services  
– higher quantity and quality of water, productive soil, 
relatively predictable weather, and many other services 
essential for human well-being 
Ecosystem services --- con’d 
Ecosystem goods and services provided by an ecosystem  
(adapted from Greiber, 2009) 









 Freshwater supply 
 Crop and fruit production 
 Raw materials for domestic use (implements, fuel wood, 
construction poles) and for industry (timber and fiber) 
 Livestock production 
 Fish production 








 Buffering of runoff, soil water infiltration, groundwater 
recharge, water quality maintenance (purification service by 
removing pollutants from the water) 
 Regulate base flows 
 Flood prevention, peak flow reduction, landslide reduction 
 Soil protection and control of erosion and sedimentation 
 Control of surface and groundwater quality 
 Micro-climate regulation – trees in intercept solar radiation 
Regulation hydrological cycle – ground water recharge, 
springs and stream flow  
Type of service Description Examples 
Supporting 
services 




 Wildlife habitat (feeding and nesting) 
 Soil formation (parent material, climate, temperature, etc.) 
 Nutrient cycling (mineralization, fixation) 
 Flow regime required to maintain downstream habitat and 
uses 
 Infrastructure development, settlement 
Cultural services Related to 
recreation and 
human inspiration 
 Aquatic recreation, education, research 
 Landscape aesthetics, recreation & ecotourism 
 Cultural heritage and identity 
 Spiritual benefits (sacred sites for rituals) 
ES --- con’d 
• Human being everywhere depends completely 
on Earth’s ecosystems and the services they 
provide  
– However, mankind has changed these ecosystems 
more rapidly and extensively over the past 50 years 
than in any comparable period of time in history 
– by the combined effects of expanding populations, 
rapid economic growth and greater global 
integration 
– brought an extensive and mostly irreversible loss of 
biodiversity and extended poverty  
(Wainger and Mazzotta, 2011; Nordén, 2014)  
 
Agriculture and ecosystem services 
• Agricultural ecosystems are by far the largest managed 
ecosystems in the world rendering multiple ecosystem 
services  
• Farmers can either enhance or degrade ecosystems 
– through their land use and production systems 
– they can provide a better mix of ecosystem services with 
better land use and farming systems  
Crop mix, tree plantation at boarders 
Under sowing leguminous forage  
Use፡- increase soil fertility, reduce fertilizer cost, multiple product form the same plot & improve land 
productivity, attract beneficiary insects, conserve soil  moisture 
Mulching 
Use፡-  suppress weed, reduce soil erosion, improve soil 
fertility (organic input), increase soil moisture, provide 
heat for the plant 
What is conservation agriculture? 
• Alternative forms of tillage that prevents crust formation 
and maintains an organic soil cover that further reduces 
soil erosion and water losses  
– No-till is used for all kinds of crops in all kinds of soils and climates 
Crop production through conservation agriculture 
What is our farming practice? 
• Plowing hillsides, vegetation   
• Reduced soil fertility due to 
erosion and lack of organic 
covers 
Economic values of ecosystem services 
• The ecosystems goods and services have an immense 
but under-estimated economic value 
– In 1997 estimated to 16-54 trillion $ 
– In 2005, 200 billion $ , or 9.5% of world agricultural 
output, was generated by insect pollination 
– 50 billion $ is lost annually from global income of marine 
fisheries due to fish stocks over-exploitation 
– 47 to 89% of the total sources of livelihoods of rural and 
poor forest-dwellers in some large developing countries 
come from ecosystem services and other non-marketed 
natural goods.  
– By 2030, 3.7 trillion USD of climate-induced damage could 
be avoided by halving deforestation rates 
3. Energy/nutrient flow (Food web) 
• In an ecosystem, the sequential 
chain of eating and being eaten is 
called a food chain 
• two major types of food chains:  
– the first starts from a base of green 
plants and goes on to herbivores 
and finally to carnivores 
– Ideally, this transfer/flow of energy 
from the sun to green plants to 
herbivores to carnivores should be 
100 per cent efficient 
– But in reality this does not happen, 
because at each link in a food 
chain, 80 to 90 per cent of the 
energy transferred is lost as heat  


Decomposers connecting nutrient flow b/n producers and consumers 
through breaking down dead and decaying organisms 
4. Risks of breaking energy flow 
• Food web structure affects the survival of functional 
groups in general and ecosystem functions 
–  decomposition and the production of fine particulate 
organic matter 
– Ecosystem processes are more affected by precipitation 
and species composition 
– Natural ecological balance is disturbed when: 
•  species composition is degraded,  
• wildlife habitat is lost,  
• feed and food is scares; thus,.   
– As a result, there will be disease and insect pest 
infestation, rodent infestation, reduced pollination, lower 
yield and landscape productivity 
                      (Trzcinski et al., 2016) 
Healthy ecology that can support all lives  
5. Processes of ecological degradation 
• The daily activities of rural communities such 
as: 
– deforestation,  
– over grazing and land clearing for agriculture  
– reduce vegetation cover (significant sink for CO2),  
– induce soil physical and chemical degradation,   
– decline landscape productivity,  
– aggravated desertification,   
– create global warming and  
– bring about climate change  
Processes of ecological degradation 
Impacts of biological diversity loss  
• Forests play important ecosystem functions through: 
– Biodiversity protection –habitat for 75% and 90% of known plant and 
animal species respectively. 
– Watershed protection - protecting the soil from water erosion 
– Regulation of micro-climate and hydrological cycles  
– Sequestration of CO2 from the atmosphere – mitigate climate change 
 
• Biodiversity is mainstay for agriculture, forestry and vital part of earth’s 
support system 
 
• But it is under threat at local, national and global levels due to: 
– Vegetation removal –loss of habitat for fauna 
– Cultivation of wetlands –loss of breeding place for certain fish species  
– Cultivation of steep slopes – loss of growing media for plants due to soil 
erosion   
– Overfishing – capture of immature fish using narrow net gills;  
– Encroachment of parks 
6. Ecological degradation in Ethiopia 
• Ethiopia is one of the most seriously affected 
countries by soil erosion in African 
• Before 2005, average annual soil loss rate of the 
country was estimated to 12- 42 tons ha-1 yr-1  
(Mahmud et al., 2005; Holden et al., 2005) 
• However, in the high lands this figure raised to 130 
tons ha-1 yr-1 on crop lands  
(GIZ, 2015)  
• Still soil erosion rate reaches greater than 300 tons 
ha-1 yr-1 on steep slopes and on areas where 
vegetation is removed  
(Gashaw, 2015) 
Eco. D in Ethiopia --- con’d 
• In mid-1980’s  
– 27 million ha (almost 50% of the highland area) was 
significantly eroded,  
– 14 million ha was seriously eroded and  
– over 2 million ha became beyond reclamation  
(Mushir, 2013; GIZ, 2015; Gashaw, 2015) 
– Parallel to soil erosion, soil nutrient depletion is also a 
serious problem in the highlands of Ethiopia 
• For example, a study conducted between 1993 and 1995 
showed that Ethiopia loses NPK at a rate of more than 60kg 
ha-1 yr-1 which is twice the average of most African countries.  
In addition,  
• national level depletion rates of N P K 122kg ha-1 yr-1, 13 kg 
ha-1 yr-1 and 82 kg ha-1 yr-1 respectively 
(Haileslassie et al., 2005;2006)   
7. Ecological restoration 
• Ecological restoration - is the process of assisting the 
recovery of an ecosystem that has been degraded, 
damaged or destroyed through human intervention 
• massive rehabilitation programs starting from the mid-
1970s  
(Mitiku et al., 2006; Gashaw, 2015) 
• Major activities of the interventions were:  
– soil and water conservation measures,  
– afforestation and reforestation works,  
– conservation agriculture,  
– crop-livestock integrated land management activities,  
– agro forestry and  
– controlling the rate of population growth  
(Adugna, 2014; Temesgen, 2015)  
Outcomes of the rehabilitation works 
• However, from the rehabilitation works done 
between 1976 and 1990  
– only 30% of soil bunds,  
– 25% of the stone bunds,  
– 60% of hillside terraces,  
– 22% of land planted in trees, and  
– 7% of the reserve areas survived in the year 1990  
(USAID CRSPT, 2000) 
• To improve the successes, watershed management 
was introduced in 1980s  
(GIZ, 2015; Temesgen, 2015) 
Mass participation on SWC works and rehabilitated 
landscapes---Geda watershed 
39 
Treated Vs untreated landscape (same vicinity) 
40 
Untreated Vs treated landscape (different aspect) 
41 
Successful conservation 
measures in Geda watershed 
42 
Untreated side of Geda watershed 
The issue of sustainability? ? ? 
• Back to 
degradation in 
short period of 
rehabilitation 




stone and soil 
bunds 
– Back to free 
grazing 
8. Benefits of rehabilitated ecology 
• Provisioning services 
– Food - crops, wild fruits, fish 
– Fresh water – domestic consumption and irrigation 
– Raw materials for domestic use (implements, fuel wood, construction poles) and 
for industry (timber and fiber) 
• Regulating services 
– Micro-climate regulation – trees in intercept solar radiation Regulation 
hydrological cycle – ground water recharge, springs and stream flow  
– Erosion control - soil stabilization effect of vegetation, control of runoff 
– Water quality maintenance - purification service by removing pollutants from the 
water) 
• Social-cultural services  
– Aesthetic, recreation and ecotourism; 
– Spiritual benefits  (sacred sites for rituals) 
– Research, education (ecological, environmental, NRM) 
• Supporting services  
– Habitat for mammals, amphibians and birds (feeding and nesting); 
– Soil formation (parent material, climate, temperature, etc),  
– Nutrient cycling (mineralization, fixation) to balance soil pool.  
– Infrastructure development, settlement 
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